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Eligibility criteria
We included all RCTs that compared people with treatmentrefractory schizophrenia taking clozapine with those prescribed a first-or second-generation antipsychotic. Outcomes of interest included psychotic symptoms (total, positive and negative), adverse drug reactions, study withdrawal and response to treatment. Published data in all languages were included and translated into English.
Search strategy
We searched PubMed, EMBASE and the Cochrane Schizophrenia Group's Trials Register from inception to 6 February 2015. In the case of PubMed we used the following terms: (randomized controlled trial OR controlled clinical trial OR randomized OR placebo OR clinical trials OR randomly OR trial) AND (clozapin* OR clozaril OR zaponex OR denzapin* or clopine). Experts in the field were contacted and asked about unpublished data.
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Clozapine v. first-and second-generation antipsychotics in treatment-refractory schizophrenia: systematic review and meta-analysis Dan Siskind, Lara McCartney, Romi Goldschlager and Steve Kisely Background Although clozapine is the 'gold standard' for treatmentrefractory schizophrenia, meta-analyses of clozapine for this condition are lacking.
Aims
We conducted a systematic review and meta-analysis of clozapine treatment for people with treatment-refractory schizophrenia.
Method
We searched the Cochrane Schizophrenia Group's trial register, PubMed and EMBASE and hand-searched key papers for randomised controlled trials of clozapine for treatment-refractory schizophrenia.
Results
Twenty-one papers with 25 comparisons were included. The number needed to treat was 9. Clozapine was superior for positive symptoms in both the short and long term. In the short term only clozapine was superior for total and negative symptoms, with higher response rates. Both funding source and dosage affected results. Higher baseline psychosis scores predicted better outcomes for clozapine in a meta-regression.
Study selection
Studies were included if they were randomised and double-or rater-blinded. Diagnoses included schizophrenia, schizoaffective disorder or schizophreniform disorder. Participants had to have demonstrated a resistance to treatment as defined by a failure to respond to at least one trial (and preferably two) of a first-or second-generation antipsychotic of at least 6 weeks' duration at dosage equivalents greater than 600 mg chlorpromazine. Studies were included if they compared clozapine with any other firstor second-generation antipsychotic medication. Studies were excluded if there was extensive crossover between the clozapine and control groups. All identified studies were screened at the title and abstract level by two authors (L.M. and R.G.). Studies that met the inclusion criteria on title and abstract review, or that could not be excluded on the basis of information provided in the abstract, were reviewed at full-text level. Snowball searches of key papers and the included studies' reference lists were conducted. Narrative and systematic reviews, posters, conference abstracts, case reports, letters to editors and other articles that did not meet the inclusion criteria were cross-referenced for additional potential sources of RCTs. Attempts were made to contact first authors of included studies in cases where information was missing.
Data collection
Data extraction was conducted by two independent researchers (L.M. and R.G.). All discrepancies during each stage of study selection, data extraction and quality assessment were resolved by re-checking source papers. Extracted data were validated by D.S. Data analysis was conducted by two authors (D.S. and S.K.). We extracted data on the following: study duration, setting, diagnostic tool and type of interventions (e.g. control medication, first-or second-generation antipsychotic, mean age and standard deviation, number commenced in study arm, mean dose of clozapine or control medication, and dose of clozapine or control medication). Doses of clozapine and control medications were converted to chlorpromazine and olanzapine equivalents. 13, 14 These were used in separate meta-analyses comparing dose equivalents for clozapine and the control medication for each study. Where data in studies were missing or unclear, attempts were made to contact the study's corresponding author.
Outcomes
Where possible, end-points were measured from commencement of intervention. Data from studies were divided into short term (less than 3 months) and long term (3 months or more). These time frames were selected after data were extracted, based on an approach used in a previous meta-analysis. 15 Where multiple outcome time points were reported in the same study, the data for the last outcome time point in each period (short or long term) were used. Analysis was also conducted for all time points, with the data for the last outcome time point in each study included.
The primary outcome was a change in overall psychotic symptoms as measured by the Brief Psychiatric Rating Scale (BPRS) or the Positive and Negative Syndrome Scale (PANSS). 16, 17 Where standard deviations for change in psychotic symptoms were not reported, the change score was calculated from baseline and end-point scores and the standard deviation imputed. 18 Secondary outcomes included changes in positive and negative symptom scales. For changes in positive symptoms we used scores from the Scale for the Assessment of Positive Symptoms (SAPS), 19 and the positive subscales of the PANSS and BPRS. For changes in negative symptoms, scores for the PANSS negative symptom subscale and the Scale for the Assessment of Negative Symptoms (SANS) were used. 20 We also collected data on response, based on the definition by Kane et al of a 20% decrease in BPRS total score plus either a post-treatment Clinical Global Inventory (CGI) Scale rating of mildly ill (53) or a post-treatment BPRS score of 35 or less. 2 We have noted where studies used other response criteria. Finally, we collected data on those leaving the study and the following adverse drug reactions: sialorrhoea, tachycardia, seizures, fever, dizziness, sedation, constipation, nausea or vomiting, insomnia, dry mouth, hypotension, headache and weight gain.
Study quality
We assessed the quality of included studies using the following criteria adapted from Cochrane Collaboration guidelines: 
Statistical analysis
We used Review Manager version 5.3 for Mac for the metaanalyses and Comprehensive Meta-Analysis version 3.3 for the meta-regression. We calculated the standardised mean difference (SMD) for continuous data that used different scales. We reported the risk ratio (RR) for any dichotomous outcome. Where possible, intention-to-treat analyses were used. We conducted sensitivity analyses for the effect of dosages, use of first-or second-generation control medications, pharmaceutical company sponsorship and community or hospital study settings. We used meta-regression to assess the effect of baseline psychosis score as a continuous variable. 21 We assessed heterogeneity using the I 2 statistic, a measure that does not depend on the number of studies in the meta-analysis and hence has greater power to detect heterogeneity when the number of studies is small; it provides an estimate of the percentage of variability due to heterogeneity rather than chance alone. An estimate of 50% or greater indicates possible heterogeneity, and scores of 75-100% indicate considerable heterogeneity. The I 2 estimate is calculated using the chi-squared statistic (Q) and its degrees of freedom. 18 The random effects model was used for all the analyses as we could not definitely exclude between-study variation even in the absence of statistical heterogeneity, given the range of medications under review. We tested for publication bias using funnel plot asymmetry where low P values suggest publication bias. 18 
Results
A total of 2589 articles were identified in the initial search of the electronic databases. Of these, 2402 were excluded at the title and abstract level and a further 167 were excluded after review of the full text (see online Fig. DS1 ). One additional paper was included after a review of reference lists of key articles. Twenty-one papers were included for the review. The sum of enrolled patients was 1131 commenced on clozapine and 1233 on control medications with 801 clozapine and 799 control participants at final follow-up.
Study characteristics
Study quality was fair (see online Table DS1 ). Seventeen papers reported adequate allocation concealment, 18 were double-blind and 3 were blinded only to assessor. Adequate random sequence generation was reported in 18 papers. All papers reported the primary outcome measures and adequately described missing data. Seventeen papers reported intention-to-treat data. Three papers did not provide any information about the funding source. Eleven papers reported financial support from a pharmaceutical company (8 were funded by the manufacturer of the control medication, 2 by the manufacturer of clozapine and 1 by a manufacturer of both clozapine and the control medication). Among long-term studies, all pharmaceutical funding was from the manufacturers of control medications.
Twenty-one papers were included in the meta-analysis.
2,22-41
They provided data on comparisons with 25 control groups, hereafter referred to as studies. In papers where clozapine was compared with more than one control medication, the number of participants in the clozapine group was divided by the number of control medications, rounded down to the nearest integer, and used as the number of clozapine participants in analyses comparing clozapine with each control medication. This was done to avoid double-counting the individuals taking clozapine. Papers were published between 1988 and 2009. Studies reported data at time points ranging from 6 weeks to 78 weeks. Seventeen papers reported data on 21 short-term studies. Nine papers reported data on 13 long-term studies. Six papers had strict adherence to our definition of treatmentrefractory schizophrenia. Five papers included participants with only one failed trial of an antipsychotic, three papers had trial durations less than 6 weeks or did not report on trial duration, and nine papers reported that previous antipsychotic trials had a chlorpromazine-equivalent dose of less than 600 mg or did not report a dose. Eleven papers included some participants who had left previous antipsychotic trials owing to treatment intolerance rather than specifically treatment failure (online Table DS1 ).
Control medications comprised first-generation antipsychotics including chlorpromazine and haloperidol and second-generation antipsychotics including olanzapine, risperidone, quetiapine and ziprasidone (Table DS1 ). There was no statistically significant difference between clozapine and control groups in terms of age or baseline psychosis score in any of the included studies.
Psychotic symptoms
Twenty short-term studies had usable data for change in total psychotic symptoms for 604 people given clozapine and 708 people given a control medication. The standardised mean difference (SMD) favoured clozapine (Fig. 1) . Eleven long-term studies had usable data with 368 people given clozapine and 451 people given a control medication. In contrast to the short-term results, there was no statistically significant difference in SMD between the groups (Fig. 1) . However, clozapine was associated with a greater improvement in score when all time frames were combined, using the last reported time point in each study (SMD = 70.29, 95% CI 70.49 to 70.09, P50.005; 24 studies, n = 1858). Clozapine had a greater effect on positive symptoms with statistically superior outcomes at all time points (Fig. 2 ) compared with negative symptoms where benefits were only seen in the short term (Fig. 3) .
Sensitivity analyses
In studies that were restricted to in-patients or had not received pharmaceutical company funding, clozapine had significantly better outcomes in both the short and long term. For instance, the SMD for long-term studies without pharmaceutical company funding was 70.67 (95% CI 71.15 to 70.19, P = 0.006; 4 studies, n = 142). We also investigated the effect of dosing. Overall, patients on clozapine were given 228 mg less of chlorpromazine equivalents per day than controls (95% CI 188 to 267, P50.0001) and 9.8 mg less of olanzapine equivalents per day (95% CI 8.4 to 11.1, P50.0001). When studies were ranked on degree of equivalence of dose and the half with the greatest difference excluded, the SMD more strongly favoured clozapine in each time frame, becoming significantly superior in the long term (SMD = 70.42, 95% CI 70.85 to 70.01, P = 0.05; 6 studies, n = 201). When studies that had included any treatment-intolerant participants were excluded, there was no difference in the overall results, with clozapine showing superior outcomes in the short term but not in the long term. Similarly, a sensitivity analysis on whether the study was single-blinded made no difference to the results.
There was no difference in results for studies that used first-or second-generation comparator antipsychotics, with clozapine showing superior outcomes in the short term but not in the long term. We examined clozapine against specific comparator medications for which there were two or more studies in each time frame. Clozapine was significantly superior to olanzapine, haloperidol and chlorpromazine in the short term; however, there was no significant difference between clozapine and risperidone in the short or long term, nor against olanzapine in the long term.
Three short-term studies looked specifically at people under age 18 years. 29, 30, 37 When only these studies were included, the SMD more strongly favoured clozapine, whereas when the studies specifically looking at children and adolescents were excluded, the SMD less strongly favoured clozapine. Finally, we explored the effect of baseline mean psychosis score using meta-regression: higher scores predicted greater response for clozapine in the long term (regression coefficient 0.03, s.e. = 0.01, P = 0.0034, t 2 = 0.0008) but not the short term.
Response
Six studies defined response using the criteria outlined by Kane et al of a greater than 20% reduction in BPRS from baseline in the presence of a post-treatment CGI Scale score of 3 or less or a BPRS of 35 or less (online Table DS1 ). 2, 22, 23, 27, 37, 38 A further five studies defined response as an improvement on the BPRS or PANSS of greater than 20%. 24, 28, 35, 36, 40 A final study defined response as a greater than 30% reduction in the BPRS plus a post-treatment CGI score of 2 or less. 30 Eight short-term studies had usable data for 598 participants taking clozapine and 620 control group participants. People taking clozapine were significantly more likely to respond in the short term (risk ratio (RR) = 1.17, 95% CI 1.07 to 2.73, P = 0.03; 8 studies, n = 1218). The absolute risk reduction was 12.48% (95% CI 7.52 to 17.43). Based on this response rate, the number needed to treat was 9. Five long-term studies had usable data for 479 participants in the clozapine group and 489 in the control group, with no significant difference between clozapine and control. For all time frames combined, results just failed to reach statistical significance (RR = 1.31, 95% CI 0.98 to 1.70, P = 0.07; 11 studies, n = 1692).
Sensitivity analyses
There were insufficient studies to do meaningful sensitivity analyses for the short-and long-term periods separately. Sensitivity analyses are limited to the data for all time frames combined. Sensitivity analysis on strictness of criteria of response or equivalence of dose did not alter the absence of statistically significant difference between the groups. When only studies using first-generation antipsychotics as the comparator were included, clozapine was statistically significantly more likely to lead to a response (RR = 1.77, 95% CI 1.19 to 2.64, P = 0.008; 4 studies, n = 164). There was no statistically significant difference between the groups when only second-generation antipsychotics were included. When studies with pharmaceutical funding were excluded, response statistically significantly favoured clozapine (RR = 1.68, 95% CI 1.20 to 2.35, P = 0.002; 6 studies, n = 208).
Study completion
The number of participants at the completion of the study time frame was compared with the number of participants commencing the studies. For both the short-and long-term analyses there was no statistically significant difference between clozapine and control antipsychotics on study completion.
Adverse drug reactions
Meta-analyses on adverse reactions were conducted for any results reported by two or more studies. The data for the last time-point in each study was used. It was not feasible to separate adverse reactions into time groups as only two papers reported long-term data. Participants taking clozapine reported significantly greater rates of sialorrhoea, tachycardia, seizures, fever, dizziness, sedation, constipation, and nausea and vomiting ( Table 1 ). The number needed to harm ranged from 4 for sialorrhoea to 19 for nausea and vomiting. Participants taking clozapine reported significantly lower rates of insomnia and dry mouth. There was no significant difference for hypotension, headache or weight gain.
Publication bias
There were sufficient short-term studies to test for publication bias for the primary outcome of change in total psychosis scores.
388
SMD Study or subgroup
Weight (%) IV, random, 95% CI Short term Azorin et al (2001) 22 Bondolfi et al (1998) 24 Buchanan et al (1998) 25 Cao et al (2003) 26 Hong et al (1997) 27 Kane et al (1988) 2 Kane et al (2001) 28 Kumra et al (1996) 29 Kumra Fig. 3 Change in negative symptoms. SMD, standardised mean difference.
The Egger's regression asymmetry test did not suggest publication bias (intercept 70.81, 90% CI 72.11 to 0.49, P = 0.420).
Discussion
This study is the first systematic review and meta-analysis to look specifically at the pharmacotherapy of treatment-refractory schizophrenia with clozapine compared with all antipsychotics, not solely first-generation agents. We were able to include 21 studies with 2364 participants. These included 14 papers (n = 1379) published since the data collection periods of the previous meta-analysis, 10 all of which used a second-generation antipsychotic as a comparator. We also used a tighter definition of treatment-refractory schizophrenia than previous metaanalyses, based on the criteria described by Kane et al. 2 We found that clozapine was superior to other antipsychotics in reducing positive psychotic symptoms in both the short and long term for people with treatment-refractory disorder. In contrast, clozapine was not superior for negative symptoms in the long term although it was in the short term. This, in turn, may explain the lack of any difference in both total psychotic symptoms and response in the long term. It is unclear why the long-term advantages of clozapine are restricted to positive symptoms. Of the two previous meta-analyses of the effect of study duration on outcome, one reported that clozapine was superior in longterm studies, 15 whereas the other reported that clozapine was superior in short-term studies. 10 Clozapine was particularly effective for more severe baseline symptoms.
The source of funding did appear to have an effect on our results. Studies without pharmaceutical industry funding favoured clozapine more strongly and were statistically significant for all time frames, whereas those with such support favoured the comparator medication. This is in contrast to earlier findings that pharmaceutical industry funding either did not alter rates of improvement, 15 or actually increased the likelihood of a study favouring clozapine. 10 One explanation is that the earlier metaanalyses included comparisons with first-generation antipsychotics that were funded by manufacturers of clozapine. In contrast, all but two of the additional 14 papers included in this review were comparisons with second-generation antipsychotics that were funded by the manufacturers of the second-generation agents.
Pharmaceutical industry funding is a known source of systematic bias either through suppression of non-favourable results or inappropriate comparator medications. 42, 43 Sensitivity analyses for first-or second-generation comparator antipsychotic group did not appear to affect change in psychotic symptoms. With the exception of risperidone, clozapine was superior in the short term to individual second-generation antipsychotics but failed to reach statistical significance in long-term studies. However, this finding in the long term may be confounded by pharmaceutical industry funding of more recent comparisons with second-generation antipsychotics. When the five second-generation antipsychotic studies without pharmaceutical funding were examined, there was a trend favouring clozapine, but it failed to reach statistical significance. When dosage equivalents were compared, people taking clozapine were receiving significantly lower doses of medication. We attempted to validate this discrepancy using two different dosage equivalence formulas, and both demonstrated that clozapine doses were significantly lower than those of control group medication. It is therefore possible that lower clozapine doses may have biased the data against clozapine, although this is difficult to validate in the absence of reported serum clozapine levels in most of the included studies. Levels were reported in only three studies and ranged from 281 ng/ml to 715 ng/ml; 24, 30, 37 clozapine is therapeutic at levels above 350 ng/ml. 44, 45 Reporting of serum clozapine levels in future RCTs would assist in confirming whether therapeutic doses were used.
Study limitations
There were several limitations of this study. Many of our results showed heterogeneity. Although we attempted to explore this further with sensitivity analyses and meta-regression as well as using a random effects model throughout to incorporate heterogeneity into our analysis, our results should still be treated with caution. As noted above, there are potential biases associated with pharmaceutical industry funding, class of control antipsychotic and comparative doses of clozapine and control medications. We attempted to address these by conducting sensitivity analyses and meta-regression. It is important to note the difficulty of masking in studies where clozapine is a comparator, given the significant adverse drug reactions associated with clozapine. It is possible that this may have systematically biased the overall results. Several studies included participants who had been intolerant to previous antipsychotic trials, as opposed to a strict definition of two or more failed adequate trials. A sensitivity analysis of studies with strict inclusion criteria did not alter the results. We were unable to report on relapse, as the included studies did not provide usable data on this variable. Although we attempted to locate unpublished findings, it is possible that there are unpublished data that we were unable to include.
Clinical implications
Our results suggest that clozapine should remain the treatment of choice for refractory schizophrenia, at least in the short term. Clozapine demonstrated superiority for positive symptoms across all time frames. Given the challenges associated with treating people with refractory disorder, our finding of a number needed to treat of 9 is moderately good. 46 However, this must be balanced against numbers needed to harm that ranged from 4 for sialorrhoea to 19 for fever. In addition, if there is no meaningful improvement of symptoms or function at 6 months, our findings suggest clozapine should be stopped and consideration given to an antipsychotic with a more favourable adverse reaction profile. 
Suicide Junkie Jo McFarlane
The last overdose I took was precipitated by the fear of abandonment. I had misinterpreted my key worker's kindness as a sign she was soon to be leaving, I wasn't trying to make her stay; I just couldn't imagine how I'd cope without her so death seemed the only viable option.
When I was younger I used to fantasise about being murdered. It seemed the obvious solution to my impossible predicament: Life too unbearable to go on but I wouldn't have to face the wrath of hell because the fatal knife plunged into me would be the doing of another's hand.
So I'd tank up on the cheapest and most potent booze then stagger round the streets all night, searching for a friendly psychopath to put me out of my misery. Some nights I slept on a dried patch of dog's piss, soaking up the fumes with a vampire's lust for the macabre.
There was the odd attempted hanging where I proved myself a parody of beefed-up incompetence. I even tried to drown myself by swimming out to sea. The life crew that picked me up were unaware of the irony in my 'thanks' When I jumped off Salisbury Crags some unseen force intervened and I came off lightly with a thousand bruises and a broken bone. Staring from the Forth Road Bridge into the black abyss, I should have known the fence would prove too much for my dyspraxia.
Each botched attempt to silence the scream another notch upon the damning pages of my notes.
Lurching from crisis to crisis fed the adrenalin of being mad. I wasn't doing it for attention but release from the distress. It's hard to explain if you've not known the pain of desolation in the beauty of a sunset. Being addicted to despair is a sickness of the soul. The healing touch of heaven, I now see, comes not from death but the sunset quickening my senses, making me feel whole. 
